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GENERAL INTRODUCTION 
INTRODUCTION 
Fish as a food constitute about 70% protein, which are good for the requirement of 
human being. The percentage of edible lean tissue in fish is appreciably greater that of 
other animal such as beef, pork or poultry. Therefore, it supplies a large amount of 
protein necessary for growth, repair and replenishing of worn out tissues. It was also 
stated that parts of fish contains no cholesterols which are readily presents in animals 
meat which has an adverse effect to human health. Fish account for more than or close to 
50% of the total animal protein consumed in most countries of the world. The fact that 
fish is of high nutritional value is well known. Less well known is the significant 
contribution that it makes to the diet of many fish-consuming communities in both the 
developed and developing world. Fish provides high quality protein and a wide variety of 
vitamins and minerals, including vitamins A, and phosphorus, magnesium, selenium, and 
iodine, especially in marine fish. Fish is also a valuable source of essential fatty acids. Its 
protein is easily digestible. Even in small quantities, fish can have a significant positive 
impact on improving the quality of dietary protein intake by complementing the essential 
amino acids that are present in low quantities in rice and vegetable diets typical of many 
developing states. In particular, fish is a rich source if lysine which is an essential amino 
acid that is often deficient in rice diets with little animal protein. Recent research shows 
that fish contains much more than just an alternative source of animal protein. Fish oils in 
fatty fish are the richest source of a type of fat that is vital for brain development in 
newborn babies and infants. 
Although, world fisheries production has increased from 125 million metric tonnes in 
1999 (FAO 2000) to 146.3 million tones and the reported global aquaculture production 
has increased from 32.9 million metric tones in 1999 to 45.5 million tones (FAO 2006). 
Increased aquaculture production is still needed to meet this demand in the third 
millennium, because capture fisheries are showing precipitous declines due to over 
fishing, habitat destruction and pollution. Aquaculture is now recognized as a viable and 
profitable enterprise worldwide, as it is an important source of income and means of 
assuring food security for rural people in many parts of the world. It is one of the fastest 
growing food-producing sectors in the world. As aquaculture technology has evolved, the 
push toward higher yields and faster growth has involved the enhancement or 
replacement of natural foods with prepared diets. In many aquaculture operation today, 
feed accounts for more than one-half of the variable operating cost. Therefore, knowledge 
on nutrition and practical feeding of fish is essential to successfial aquaculture. 
Good nutrition in animal production systems is essential to economically produce 
a healthy, high quality product. In fish farming, nutrition is critical because feed 
represents 40-50% of the production costs. Fish nutrition has advanced dramatically in 
recent years with the development of new, balanced commercial diets that promote 
optimal fish growth and health. The development of new species-specific diet 
formulations supports the aquaculture industry as it expands to satisfy increasing demand 
for affordable, safe, and high-quality fish and seafood products. Most nutritional studies 
on fish have been confined to the species of greatest commercial importance, such as 
trout, salmon, and catfish. In many respects the requirement of these animals are 
surprisingly like those of domesticated farm animals. Since fish is the cheapest means of 
protein that is easily affordable and in order to meet the demand of the increasing 
population, the need for fish and fisheries products, as a form of large-scale business 
venture is desirable. Fish proteins are essential and critical component of the human diet 
in some densely populated countries. In Asia, about! billion people rely on fish as their 
primary source of protein. 
In many aquaculture operations today, feed accounts for more than one-half of the 
variable operating cost. Feeds often constitute the major operating cost for aquaculture 
operations and bad food choices results in poor growth, health and reproduction. 
In formulating diets for fish, it is pertinent to meet the entire nutrient requirement 
for its optimal growth. Dietary protein plays an important role in maximizing fish growth 
and has received greater attention in nutritional studies (Mazid et al 1979; Lim et al 1979; 
Cowey 1979; Anderson et al 1981; Jauncey 1982; Wee and Tacon 1982; Wang et al 
1985; Wilson and Halver 1986; Papaparaskeva-Papoutsoglou and Alexis 1986; Daniels 
and Robins 1986; Lazo et al. 1998; Tibbetts et al. 2000; Lupatsch et al. 2001; Ai et al. 
2004; Mayer and Fracalossi 2004; Wanwiza et al. 2005; Sa et al. 2006; Kvale et al. 2007) 
and is one of the major factors that influence the productivity of fish and the production 
of nitrogenous material that is excreted in water (Tibbetts et al. 2000). Generally, an 
increase in the dietary protein level improves fish production, especially for carnivorous 
fish, but proportionally increases feed cost (Li et al. 2006). Protein is the dietary 
macronutrient whose requirement is prioritized in nutritional studies, either because it 
represents the highest fish feed cost, or by greatly affecting weight gain (Mayer and 
Fracallosi 2004). Inadequate protein in fish diet results in rapid reduction or ceasation of 
growth, or loss of weight due to the withdrawing of protein from less vital tissues to 
maintain the functions of more vital ones (Wilson 1984; Lovell 1980). On the other hand 
too much protein in the diet is broken down to produce energy (Wilson 1984). Protein is 
responsible for a large part of artificial fish feed cost. The expensive protein fraction 
should therefore be optimally utilised for growth rather than for maintenance of fish 
(Shiau and Lin 1993). It is the most important nutrient in fish feed and the gross dietary 
protein requirement is directly influenced by its quality (Keembiyehetty and Gatlin 
1992). Consequently, considerable research effort has expended to determine the quantity 
and quality of dietary protein necessary to achieve optimum performance of catfish. 
Carnivorous fish consume feed which are about 50% protein and have very efficient 
system for excretion of waste nitrogen from protein which is catabolized for energy. To 
ensure that fish feeds are of high quality, the nutritionist consider several factors, 
including the protein quality of various feedstuffs and their digestibility, along with the 
proper balance of protein and energy. 
Unlike other terrestrial animals fish have high protein requirement. Protein 
requirement of fish are much higher (2-4 times) than those of other vertebrates (Mertz 
1969). The protein requirement of fish decreases with increasing size and age e.g., the 
• opfimum dietary protein levels for very young salmonids is 45% to 50% of the diet, while 
juvenile require 40% and yearlings require about 35% dietary protein (Hardy 1989; 
Halver 2002). Most fish feeds are 20 to 40% protein, but feeds for young fish and fry 
tend to be slightly higher in protein. 
Protein levels in aquaculture feeds generally fall in the range of 18-20% for marine 
shrimp, 28-32% for catfish, 32-38% for tilapia, and 38-42% for hybrid striped bass. 
Protein requirements usually are lower for herbivorous fish and omnivorous fish 
compared to carnivorous fish, and are higher for fish reared in high density recirculating 
aquaculture than low-density pond aquaculture systems. Similarly, protein requirements 
are generally higher for smaller fish. As fish grow larger, their protein requirements 
usually decrease. Protein requirements also vary with rearing environment, water 
temperature and water quality, as well as the genetic composition and feeding rates of the 
fish. 
Aquaculture of catfish is yet to be commercialized. Information on the nutritional 
requirement and feeding of catfishes, which form a major group of commercially 
important fish species after carps, is needed in view of emphasis on catfish culture in the 
country. Afiican catfish, Clarias gariepinus is a promising species for aquaculture 
because of its high growth rate, disease resistance and ability to take up oxygen from the 
air (Pillay 1990). Most of the farmers are unaware of the potential of this fish. 
Biologically, it has all the attributes of a premier aquaculture species. The future 
prospects in the aquaculture industry show a picture where protein source for carnivorous 
•fish diets will be scarce and production cost will increase. 
Although dietary protein requirements have been determined for many fish 
species like chinook salmon, Oncorhynchus tschawytscha 40 (DeLong et al. 1958), 
sockeye salmon, O. keta 45 (Halver et al. 1964), common carp, Cyprinus carpio 31-38 
(Ogino and Saito 1970), Japanese eel, Anguilla japonica 44.5 (Nose and Aral 1972), 
plaice, Pleuronectes platessa 50 (Cowey et al. 1972), gilthead bream, Chrysophrys 
aurata 40 (Sabaut and Luquet 1973), coho salmon, O. kisutch 40 (Zeitoun et al. 1974), 
rainbow trout, O. mykiss 40 (Satia 1974), yellowtail, Seriola quinquiradiata 55 (Takeda 
et al.l975), red sea bream, Pagrus major 55 (Yone 1976), channel catfish, Ictalurus 
punctatus 32-36 (Garling and Wilson 1976), Atlantic salmon, Salmo salar 45 (Lall and 
Bishop 1977), grass carp, Ctenopharyngodon idella 4 1 ^ 3 (Dabrowski 1977), estuary 
grouper, Epinephelus coioides 40-50 (Teng et al. 1978), common carp, Cyprinus carpio 
31-38 (Takeuchi et al. 1979), milkfish, Chanos chanos 40 (Lim et al.l979), Zilli's tilapia, 
Tilapia Zillii 35 (Mazid et al. 1979), Zilli's tilapia, Tilapia zilli 50 (Kanazawa et al.l980), 
largemouth bass, Micropterus salmoides 40 (Anderson et al. 1981), smallmouth bass, M. 
dolomieu 45 (Anderson et al. 1981), blue tilapia, Oreochromis aureus 34 (Winfree and 
Stickney 1981), tilapia nilotica fry, Oreochromis niloticus 35 (Santiago et al. 1982), 
snakehead, Channa sps. 52 (Wee and Tacon 1982), juvenile tilapias, Sarotherodron 
mossambicus 40 (Jauncey 1982), striped bass, Morone saxatilis Al (Millikin 1983), Nile 
tilapia, O. niloticus 30 (Wang et al.l985), young tilapia, Oreochromis sps. 28 (De Siha et 
al. 1989), walking catfish, Clarias batrachus 40 (Khan and Jafri 1990), catla, Catla catla 
35-40 (Khan and Jafri 1991), Malaysian freshwater catfish, Mystus nemurus 42 (Khan et 
al. 1993), brown trout, Salmo trutta 53 (Arzel et al. 1995), hybrid Clarias catfish. C. 
macrocephalus x C. gariepinus 40 (Jantrarotai 1996), Eurasian perch, Perca fliniatilis 
43-56.1 (Fiogbe et al. 1996), juvenile Florida pampano, Trachinotus carolinus 45 (Lazo 
et al. 1998), American eel, Anguilla rostrata 47 (Tibbetts et al. 2000), bagrid catfish, 
Mystus nemurus 44 (Ng et. al. 2001), juvenile haddock, Melanogrammus aeglefinus 49.9 
(Kim and Lall 2001), red snapper, Lutjanus argentimaculatus 44 (Catacutan et al. 2001), 
juvenile ayu, Plecoglossus altivelis 38 (Lee et al. 2002), singhi, H. fossilis 40 (Deepak 
and Garg 2003), juvenile spinibarbus, Spinibarbus hollandi yi.l (Yang et ai. 2003), 
South African abalone, Haliotis midae 35.9 (Sales et al. 2003), Indian major carps 40 
(Kalla et al. 2004), Mahseer, Tor putitora 45-50 (Islam and Tanaka 2004), juvenile 
grouper, Epinephelus coioides 48 (Luo et al. 2004), Australian redclaw crayfish, Cherax 
quadricarinatus 32 (Jacinto et al. 2005), bagrid catfish, Pseudobagrus fulvidraco 42 
(Kim and Lee 2005), juvenile turbot, Scophthalmus maximum 55 (Cho et al. 2005), 
juvenile haddock, Melanogrammus aeglefinus 54.6 (Tibbetts et al. 2005), pike perch, 
Sander lucioperca 43 (Wanwiza et al. 2005), white sea bream, Diplodus sargus 38-42 (Sa 
et al. 2006) per cent protein, little information is available on the fry and fingerling stages 
of C. gariepinus. The present study was, therefore, undertaken to determine the protein 
requirements of fry and fingerling Clarias gariepinus. The data generate during the 
present study is presented in the form of this dissertation. 
GENERAL METHODOLOey 
Fish being acclimatized on experimental diet 
GENERAL METHODOLOGY 
Source of fish stock and their acclimatizatior. 
Induced bred fiy Clarias gariepinus were procured from a local fish hatchery. These 
were transported to the wet laboratory in oxygen filled polythene bags, given the 
prophylactic dip in KMn04 solution (1:3000), and stocked in circular aluminium plastic 
lining (Plastic Crafts Corpn., Mumbai, India, 4ft x 3ft x 3ft) fish tanks (water volume 
600L) for a fortnight. During this period, the fish were fed to satiation a mixture of 
soybean, mustard oil cake, rice bran and wheat bran in the form of moist cake twice a day 
at 0900 and 1600 hours. These were then acclimatized for one week on casein-gelatin 
based (40% CP) H-440 diet (Halver 2002) near to satiation. 
Preparation of experimental diets 
For studying the dietary protein requirement of fry and fingerling C. gariepinus, lest diets 
were formulated with graded levels of proteins. The dietary range necessary to quantify 
•the protein requirement was adjusted on the basis of information available on other 
catfi^ sh species. Calculated quantities of dry ingredients were thoroughly stirred in a 
volume of hot water (80 °C) in a steel bowl attached to a Hobart electric mixer (Hobart 
Corporation, Troy, OH, USA). Gelatin powder was dissolved separately in a volume of 
water with constant heating and stirring and then transferred to the above mixture. Other 
dry ingredients and oil premix, except carboxymethyl cellulose, were added to the 
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Fish being acclimatized on experimental diet 
i|S)^ ^0 SujJDd^ 
Flow-through system used for feeding trial 
lukewarm bowl one by one with constant mixing at 40 °C temperature. Carboxymethyl 
cellulose was added last and the speed of the blender was gradually increased as the diet 
started to harden. The final diet, with the consistency of bread dough, was poured into a 
teflon-coated pan and placed into refrigerator to gel. The prepared diet was in the form of 
moist cake (50% dry matter) from which cubes were cut and stored at -20 C in sealed 
polythene bags until used. 
Feeding trial 
Fish of the desired size and number were sorted out from the acclimatized fish lots 
maintained in the wet laboratory. These were stocked in triplicate groups in 70L high 
density polyvinyl circular troughs (water volume 55L) fitted with continuous water flow-
through system. The water exchange rate in each trough was maintained at 1.0-1.5 L/min. 
After carefiiUy observing the feeding behavior of the fish and feed intake, they were fed 
ad lib six days a week twice a day at 0900 and 1630 h. The feeding trials lasted for six 
weeks. Initial and weekly body weights were recorded on a top loading balance (Precisa 
120A; PAG, Oerlikon, AG, Zurich, Switzerland). Troughs were siphoned off to remove 
fecal matter before feeding daily. Accumulation of the diet at the bottom of the trough 
• was avoided. Uneaten feed was siphoned off immediately, dried in a hot air oven and 
reweighed to measure the amount of feed consumed. No feed was given on the day of 
weekly measurement. Troughs were scrubbed and disinfected thoroughly with water and 
KMn04 solution on the day of weekly measurement. Mortality, if any, was recorded. At 
the end of the experimental trial, desired number of fish were randomly sacrificed and 
kept in freezer (-20 °C) for the assessment of whole body composition. 
S^3*->»?2- C^lsA' •(.^' 
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Pelican equipments Socs Plus used for the estimation of fat 
Proximate analyses 
Assessment of proximate composition of ingredients, diets and carcass was made using 
standard techniques (AOAC 1995). All chemical analyses were based on triplicate 
samples. 
Moisture 
A known quantity of sample was taken in a pre-weighed crucible and placed in a hot air 
oven at 105±1 ^C for 24 hours. After complete drying, the sample was cooled at room 
temperature in a desiccator and was reweighed. The loss in weight gave an index of water 
from which its percentage was calculated. 
Ash 
A known quantity of dried powdered sample (2-5g) was taken in pre-weighed silica 
crucible and incinerated in a muffle furnace (600 ^C) for 2-4 hours or till the sample 
became carbon-free and completely white. The crucible was cooled in a desiccator and 
reweighed to estimate the quantity of ash. The result was expressed as percentage on dry 
weight basis. 
Fat 
Crude fat was estimated with the help of Socs Plus, SCS 4, Pelican equipments, Chennai, 
India, by continuous soxhlet extraction technique using petroleum ether (40-60 °C B P) as 
solvent. Finely powered and dried sample (2-4 g) was placed in thermocol fat extraction 
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Kjcltcc Tecator TM^^°° used for the estimation of 
proteins in the sample 
thimble and placed in the soxhlet apparatus. A clean, dry soxhlet receiver flask was 
weighed and fitted to the soxhlet assembly on a boiling water bath for extraction which 
was continued for 2-3 hours. After extraction the flask was removed and kept in hot air 
oven (100 °C) to evaporate the traces of solvent. It was then transferred to a desiccator, 
cooled and reweighed. The difference between the weight of the flask before and after 
gave the quantity of crude fat extracted from the unknown amount of the sample. The 
result was expressed as percentage on dry weight basis. 
Crude protein 
The estimation was done using Kjeltec Tecator^^^ '^ Foss, Hoeganaes Sweden. A known 
quantity of sample was taken in Kjeltec digestion tubes. To this, 0.8g of copper sulphate, 
7.0g potassium sulphate and 12 ml. of concentrated sulphuric acid was added. The 
content was digested in the digester of the instrument. The process of digestion continued 
for 30 minutes. Now the digested sample was cooled at room temperature and titrated 
automatically in distillation unit of the instrument. The level of protein displayed on the 
screen was noted down. 
Gross energy 
Gross energy was determined on a ballistic bomb calorimeter (Gallenkamp. 
Loughborough, England). Prior to estimate, a known quantity of dried powdered sample 
(0.5-l.Og) was taken in metallic crucible and compacted carefully to increase the rate of 
combustion at 25 lb oxygen pressure. The heat generated upon combustion was read on 
the modulated galvanometer scale, and converted to energy equivalent, worked out 
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earlier using the thermo chemical grade benzoic acid (6.32 kcal g" ) as a standard. The 
gross energy was expressed as kcal g''. Energy of ingredients used in the test diet was 
calculated as 5.52, 4.83, 3.83 and 9 kcal g"' for casein, gelatin, dextrin and fat, 
respectively as estimated on Gallenkamp ballistic bomb calorimeter. 
Assessment of growth and conversion efficiencies 
Calculations of the growth parameters were made according to the following formulae 
(Wee and Tacon, 1982; Tabachek, 1986; Hardy, 1989 and Gunasekera et al. 2000, Abidi 
and Khan, 2007): 
W -W 
Gain in live weight (%) = — x 100 
Specific growth rate (%) = '"^^^- ^"^^^' x 100 
W2 = Final weight of fish 
Wi = Initial weight offish 
D = Duration of the feeding trial (days) 
. „ , . ,. Dry weight of feed consumed 
Feed conversion ratio = —- Wet weight gain 
n ^ • ec • r Wet weight gain 
Protein erticiency ratio = ^— 
Protein consumed {dry weight basis) 
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{BW. X BCP.) - (BW, X BCP,) 
Body protein deposition = -——— xlOO 
TFxCP 
BWf & BWi = mean final and initial body weight 
BCPf & BCPi = mean final and initial percentage of body protein 
TF = Total amount of diet consumed 
CP = Percentage of crude protein in diet 
Statistical analyses 
Responses of fry and fingerling C. gariepinus fed graded levels of protein were measured 
by live weight gain per cent, feed conversion ratio (FCR), protein efficiency ratio (PER), 
specific growth rate (SGR) and by analyzing the whole body composition. These 
response variables were subjected to one-way analysis of variance (ANOVA) (Snedecor 
and Cochran 1968 and Sokal and Rohlf 1981). To determine significant differences 
(P<0.05) among the treatment means, Duncan's Multiple Range Test (Duncan 1955) was 
employed. Second-degree polynomial regression analysis (Zeitoun et al. 1976) was used 
to find out the break-point in the growth curve and was employed for live weight gain per 
cent, FCR, PER, SGR and BPD, to predict more accurate response to the dietary intake. 
'The break point obtained represented the optimum requirement for protein. 
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Table 1. Composition of mineral mixture* 
Minerals g lOOg 
Calcium biphosphate 13.57 
Calcium lactate 32.69 
Ferric citrate 02.97 
Magnesium sulphate 13.20 
Potassium phosphate (Dibasic) 23.98 
Sodium biphosphate 08.72 
Sodium chloride 04.35 
Aluminium chloride.6H20 0.015 
Potassium iodide 0.015 
Cuprous chloride 0.010 
Magnus sulphate.H20 0.080 
Cobalt chloride.6H20 0.100 
Zinc sulphate 0.300 
*Halver 2002 
Table 2. Composition of vitamin mixture'' 
Vitamins g lOOg' 
Alpha cellulose 
Choline chloride 
Inositol 
Ascorbic acid 
Niacin 
Calcium pantothenate 
Riboflavin 
Menadione 
Pyridoxine HCl 
Thiamin HCl 
Folic acid 
Biotin 
Alpha tocopherol acetate** 
Vitamin B12*** 
2.000 
0.500 
0.200 
0.100 
0.075 
0.050 
0.020 
0.004 
0.005 
0.005 
0.0015 
0.0005 
0.040 
0.00001 (0.5 ml) 
*Halver 2002 
** Incorporated with oil 
***(10mg/500mlH2O) 
HAPT^" 
CHAPTER 1 
OPTIMUM DIETARY PROTEIN REQUIREMENT OF FRY AFRICAN 
CATFISH, CLARIAS GARIEPINUS (BURCHELL) 
INTRODUCTION 
Successful and sustainable aquaculture depends on a variety of factors within the fields of 
biology, engineering and economics. One key biological component is the availability of 
artificial diet that is environmental friendly, economically viable, nutritionally balanced 
and efficiently utilized to support good growth and health. Protein is the most expensive 
nutrient in prepared diets hence directly affecting production cost, essential for soft tissue 
growth (Fleming et al. 1996) and is the indispensable nutrient required to build and repair 
damaged tissues and for general body maintenance. It is an important and the most 
expensive component in the diet. The optimum use of protein for promotion of growth is 
essential so as to make aquaculture commercially viable and also to prevent organic load 
in the ecosystem, which ultimately leads to pollution (Singh et al. 2006). Protein 
requirements are always studied in aquaculture species with the aim of determining the 
minimum amount required to produce maximum growth and not be utilized for energy 
•(Catacutan et al. 2001). Fish required two to four times more dietary protein than warm-
blooded animals like birds and mammals because they can utilize a significant portion of 
dietary protein to meet their energy needs, if insufficient non-protein energy is available 
in their feed (Cowey and Luquet 1983). Many studies have been carried out to determine 
protein requirements for fish, with estimated protein requirements ranging from 30 to 
50% according to fish species, fish size, dietary protein sources and environmental 
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conditions (NRC 1993). However, Tacon (1987) recommended a crude protein level 
varying from 35 to 42% for omnivorous fish (Yang et al. 2003) while the carnivorous 
species have higher protein requirements than do non-carnivorous species (NRC 1983; 
Wilson 1989). 
Culture of the air-breathing fishes has gained attention because of the growing 
demand for fish protein. The African catfish, Clarias gariepinus is a wamiwater 
aquaculture species. Because of its acceptance as an excellent food fish, low market price 
and adaptability to culture systems, ready acceptance of formulated feeds and relatively 
rapid growth rate, African catfish, C. gariepinus has been considered a suitable candidate 
species for commercial culture. The superior performance of C. gariepinus compared 
with other Clarias species in terms of growth rate and feed conversion efficiency has 
probably contributed to the fact that C. gariepinus has been widely introduced to areas 
outside its natural range (Verreth et al. 1993; Goda et al. 2007). Although, optimum 
dietary protein requirements have been determined at different stages of growth for a 
number of cultivable fish species, little information is available on optimum dietary 
protein requirement for C. gariepinus. Since protein requirement varies with the size, the 
present study aims at determining the protein requirement of fry C. gariepinus. 
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Materials and methods 
Preparation of diet 
Six isocaloric (17.37 kJ g'') diets containing graded levels of protein (25, 30, 35, 40, 45 
and 50%) were formulated (Table 1). The dietary range for assessing the protein 
requirement was adjusted on the basis of information available on other catfishes. Diets 
were made isocaloric by adjusting the dextrin. 
Method of preparation of experimental diets has been discussed under general 
methodology section (Page 8-9). 
Feeding trial 
Source of the fish, their acclimation and details of the general experimental design has 
already been discussed under the general methodology section (Page 9). 
C gariepinus fry (2.65±0.01 cm; 0.59±0.02g) were stocked randomly in triplicate 
groups in 70-L circular polyvinyl troughs (water volume 55L) fitted with a continuous 
•flow-through system at the rate of 20 fish per troughs for each dietary treatment levels. 
The fish were fed experimental diets in the form of moist cake to apparent satiation 
divided over two feeding schedules at 0900 and 1630h. No feed was offered to the fish on 
the day they were weighed. The feeding trials lasted for six weeks. Initial and weekly 
body weights were recorded on a top loading balance (Precisa 120A, AG, Oerlikon, 
Zurich, Switzerland). Troughs were siphoned off to remove fecal matter before feedirm 
daily. Uneaten feed, if any, was siphoned off immediately, dried in a hot air oven and 
reweighed to measure the amount of feed consumed. Water quality parameters were 
recorded on the daily basis during the feeding trial and were recorded following standard 
methods (APHA 1992). The average water temperature, dissolved oxygen, tree carbon 
dioxide, pH and total alkalinity based on daily measurements were 27.5-27.9 °C, 68-7.5 
mg L"', 5.5-108 mg L'', 7.5-7.8 and 65.7-80.9 mg L"', respectively. 
Chemical analyses 
Proximate composition of casein, gelatin, experimental diets, and initial and fmal carcass 
was analyzed using standard methods (AOAC 1995) for dry matter (oven drying at 105± 
1 °C for 22 h.), crude protein (N-Kjeldahl X 6.25 using Kjeltec Tecator '^'^  Technology 
2300, Foss Hoegenaes, Sweden), crude fat (solvent extraction with petroleum ether B.P. 
40-60 °C using Socs Plus, SCS 4, Pelican equipments, Chennai, India, for 2-3 h.) and ash 
o 
(oven incineration at 650 C for 4-6 h). Gross energy content was determined on a 
Gallenkamp ballistic bomb calorimeter-CBB 330 OlOL (Gallenkamp, Loughbrough, U 
_ K). Six subsamples of a pooled sample of 40 fishes were analyzed for initial body 
composition. At the end of the experiment, all 20 fishes from each replicate of dietary 
treatments were pooled separately and analyzed for final body composition. 
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statistical analyses 
All growth data were subjected to analysis of variance (Snedecor and Cochran 1968; 
Sokal and Rohlf 1981). Differences among treatment means were determined by 
Duncan's Multiple Range Test at a P<0.05 level of significance (Duncan 1955). To 
predict more accurate response to the dietary intake, the break-point for optimum dietary 
protein requirement for fry C. gariepinus was estimated using second-degree polynomial 
regression analysis (Y=aX +bX+c) as described by Zeitoun et al. (1976). Statistical 
analysis was done using Matlab and SPSS. 
Results 
Live weight gain percent, FCR, SGR and PER of fry C. gariepinus were significantly 
affected by levels of protein in the test diets. Feeding fish diets with increasing levels of 
protein up to 45% resulted in a progressive increase in the growth and conversion 
efficiencies. However, further increase in the level of dietary protein (50%) did not 
improve the growth performance of the fish. Maximum weight gain (1324%), best FCR 
(1.3), PER (1.71), SGR (6.33), and BPD (27.8) were recorded in fish fed 45% protein diet 
(Diet V). Fish fed diet with 25% protein (Diet I) reflected lowest weight gain. Also, the 
poorest FCR (3.64), lowest PER (1.10), SGR (3.99) and BPD (13.71) were observed for 
fish fed above diet. 
On subjecting the live weight gain data to quadratic regression analysis (Zeitoun 
et al. 1976), a break-point was evident at 46.25% protein of the diet. The relationship was 
described by the following equations: 
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Y=-1.777XVl64.343X-254.122 (1-0.985) 
The FCR of fry C. gariepinus fed 45% protein diet differed significantly from the 
other levels of dietary protein inclusion. The FCR (Y) to dietary protein level (X) 
relationship was estimated by the following second-degree polynomial regression 
equation; 
Y=0.005X^-0.484X+12.42 (r=0.994) 
Based on the above equation, the estimated FCR occurred at approximately 
46.05% protein of the diet. 
PER of C. gariepinus fry fed 45% protein diet differed significantly from the 
other levels of dietary protein inclusion. The PER (Y) to dietary protein level (X) 
relationship was estimated by the second-degree polynomial regression equation: 
Y=-0.002X^+0.1620X-1.794(r=0.974) 
Based on the equation, the estimated PER occurred at a dietary protein level of 
approximately 43% of the diet. 
Also, the SGR of C. gariepinus fry fed 45% protein diet differed significantly 
from the other levels of dietary protein inclusion. The PER (Y) to dietary protein level 
(X) relationship was estimated by the second-degree polynomial regression equation: 
Y=-0.006X^+0.499X-4.847 (r=0.979) 
Based on the equation, the estimated SGR occurred at a dietary protein level of 
approximately 44.54% of the diet. 
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Similarly, the BPD of fry C. gariepinus fed 45% protein of the diet differed significantly 
from the other levels of dietary protein inclusion. The BPD (Y) to dietary protein level 
(X) relationship was estimated by the second-degree polynomial regression equation: 
Y=-0.300X^+2.674X-35.40 (r=0.937) 
Based on the equation, the estimated BPD occurred at a dietary protein level of 
approximately 45.25% of the diet. 
On the basis of polynomial equations, the maximum live weight gain percent, best 
FCR, PER, SGR and highest BPD occurred at 46.25, 46.05, 43, 44.54 and 45.25% 
protein in the diet, respectively. 
Body composition of fry C. gariepinus was significantly (P<0.05) affected by the 
protein levels in the diets (Table 3). Maximum body protein was recorded in fish fed 
(Diet V) containing 45% protein. Feeding fish diet with 50% protein (Diet VI) did not 
improve the growth performance of the 
45% had no significant effect (P>0.05) on body protein content. However, an 
increase in the body fat was noted with the increase in dietary protein levels. Body 
-protein deposition value also differed significantly (P<0.05) among the treatment groups 
with higher value recorded for the group fed 45% protein in the diet. However further 
increase in dietary protein level at 50% (Diet VI) could not improve the body protein 
deposition. This may be due to more efficient utilization of the protein for anabolic 
purposes at 45% protein diet. 
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Discussion 
Protein has been given priority in nutritional requirement studies because it is the 
principal diet component for animal growth, and is the highest cost consideration in 
commercial feeds (Lim et al. 1979; Mai et al. 1995). Requirement is most commonly 
understood to mean a minimal percentage of dietary crude protein level on total body 
weight gain and protein needed for optimal growth. However, requirement should rather 
be termed optimal because a true requirement is a minimal amount of protein needed per 
animal per day (Guillaume 1997). The utilization and levels of inclusion of protein in 
feeds for carnivorous fish have been addressed by various authors (Anderson et al. 1981; 
Moore et al. 1988; Hillestad and Johnsen 1994; Catacutan and Coloso 1995). Diets for 
carnivorous fish require high levels of protein which may lead to inefficient energy to 
protein ratios in the feed. Fish feeding on such rations will meet their energy 
requirements by increasing feed intake, therefore, increasing feed conversion ratios and 
reducing weight gain leads to serious economic losses (Hanley 1991). Research efforts 
are underway in many countries to develop nutritionally balanced diets for intensive fish 
culture and special attenfion has been focused on protein because of the high requirement 
and cost of this nutrient. 
The optimum protein level in diets for fry Clarias gariepinus, defined by live 
weight gain percent, FCR, SGR, PER and BPD data was found to be in the range of 
43.72-46.25% of the protein. The results of the present study on protein requirement of 
the fry C. gariepinus is in the range reported for other carnivorous fish. The slight 
differences among these experiments may be the result of different diet formulations, fish 
sizes, and differences between species or different methodology applied (Luo et al. 
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2004). Significant increase in SGR and improvement in feed utilization efficiencies was 
evident with the increase in dietary protein levels from 25 to 45% but no significant 
(P>0.05) difference in utilization efficiency of fish was noted when dietary protein level 
was further raised from 45 to 50% indicating that 50% protein diet did not exert any toxic 
effect on growth of the fish. Fish receiving 45% protein in the diet reflected a maximum 
gain in weight (1324%). Highest PER (1.71), SGR (6.33), BPD (27.8) and best FCR 
(1.30) were evident in fish fed 45% protein diet. The inferior growth performance offish 
fed Diet I, II and III containing 25, 30 an 35% protein is attributed to inadequate quantity 
of the dietary protein to meet the optimum requirement by the fish. The present study 
showed that growth and feed utilization efficiencies were influenced significantly by 
dietary crude protein levels, showing improvement in growth performance with gradual 
increase in dietary protein level from 25% to 45%. 
Dietary protein requirement worked out in the present study is higher than the 
value reported for young grey mullet, Mugil capita 24, (Papaparaskeva et al. 1986), Nils 
tilapia, O. niloticus 25 (El-Saidy and Gaber 2005), juvenile golden shiners, Notemigonus 
crysoleucas 29 and goldfish, Carassius auratus 32 (Lochmann and Phillips 1994), 
walking catfish, Clarias batrachus 30 (Chaupoehuk 1987), Nile tilapia, O. niloticus 30 
(Siddiqui et al. 1988), shingi, Heteropneustes fossilis 27.73-35.43 (Akand et al. 1989), 
big head carp, Ahstichthys nobilis 30 (Santiago and Reyes 1991), juvenile silver perch, 
Bidynus bidynus 31 (Yang et al. 2002), South African abaione, Haliotis midae 35.87 
(Sales et al. 2003), African catfish, Clarias gariepinus 40 (Degani et al. 1989), juvenile 
masu salmon, O. masiio 40 (Lee and Kim 2001), Malaysian catfish, Mystus nemunis 42 
(Khan et al. 1993), African catfish, C gariepinus 43 (AH and Jauncey 2005). lower than 
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the requirement for juvenile olive flounder, Paralichthys olivaceus 46.4-51.2 (Kim et al. 
2002), American eel, Anguilla rostrata 47 (Tibbetts et al. 2000), brown trout, Salmo 
trutta 57 (Arzel et al 1995), juvenile turbot, Scophthalamus maximum 55 (Cho et al. 
2005), juvenile haddock, Melanogrammus aeglejinus 54.6 (Tibbetts et al. 2005), white 
sea bream, Diplodus sargus 38-42 (Sa et al. 2006) and is in the range of the requirements 
reported for bagrid catfish M. nemurus 44 (Ng et al 2001) and grouper, Epinephelus 
malabaricus AA (Shiau and Lan 1996), Nile tilapia, O. niloticus 45 (El-Sayed and 
Teshima 1992) per cent protein. The higher requirement may be due to the fact that 
protein requirement of the fish decreases with age and since the fish was in the fry stage, 
the optimum requirement level was high during the present study. It could be concluded 
from the present study that dietary protein in the range of 43.72-46.25% of the protein 
should be incorporated in the diet for optimum growth of fry C. gariepinus. The 
information generated during the present study on optimum protein requirement level for 
maximum growth of this fish would be useful for the culture of this fish. 
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Summary 
A six weeks feeding trial was conducted to assess the dietary protein requirement of fry 
African catfish, Clarias garicpinus (2.65±0.01 cm; 0.59±0.02 g). Isocaloric test diets 
(17.37 kJ g'' GE) containing graded levels of protein (25, 30, 35, 40, 45 and 50% of the 
diet), in gradations of 5% were prepared and fed to tripUcate groups of fry to apparent 
satiation divided over two feedings at 0900 and 1630 h. Live weight gain per cent 
(1324%), SGR% (6.33), PER (1.71) and BPD (27.80) were significantly higher in fish 
fed diet containing 45% protein in the diet. Best FCR (1.30) was also recorded at this 
level. Second-degree polynomial regression analysis of the live weight gain, FCR. PER, 
SGR and BPD data indicated the dietary protein requirement of fry C. gariepinus to be at 
46.25, 46.05, 43, 44.54, and 45.25% of the protein, respectively. Body composition data 
also supported the above requirement level. Maximum body protein content and 
minimum moisture were recorded at this level of protein in the diet. An insignificant 
(P>0.05) and almost constant trend was noted for ash values. Based on the quadratic 
regression analysis data dietary protein requirement of fry C. gariepinus is estimated to 
be in the range of 43.72-46.25% of the diet. All the water quality parameters were within 
acceptable range. 
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Fig. 1 Second-degree polynomial regression analysis of live weight gain to dietary 
protein level 
Y=-1.777X^164.41X-254122(r= 0.985) 
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Dietary protein levels (g 100 g-1) 
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Fig. 2 Second-degree polynomial relationship of feed conversion ratio to dietary protein 
levels 
Y=0.005X-0.484X+12.416 (r=0.998) 
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Fig. 3 Second-degree polynomial relationship of protein efficiency ratio to dietary protein 
levels 
Y=0.002X^+0.162X-1.794 (r=0.974) 
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Fig. 4 Second-degree polynomial relationship of specific growth rate to dietary protein 
levels 
Y=-0.006X^+0.499X-4.847 (r= 0 979) 
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Fig. 5 Second-degree polynomial relationship of body protein deposition to dietary 
protein levels 
Y=-0.0296X^+2.674X-35.40 (r=0.937) 
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CHAPTER 2 
OPTIMUM DIETARY PROTEIN REQUIREMENT OF FINGERUNG 
AFRICAN CATFISH. CLARIAS 9ARIEPINUS (BURCHELL) 
INTRODUCTION 
Protein is the most expensive component in fish feeds and also the most important factor 
affecting growth performance of fish (Luo et al. 2004). It is an important component in 
the diet because it supplies amino acids to organisms for growth. Protein can also be 
metabolized as an energy source. Generally, increasing dietary protein can lead to 
improved fish production, especially for carnivorous fish (Lee et al. 2002). Excess dietary 
protein will be metabolized as an energy source and will increase excretion of 
nitrogenous waste material into aquatic environments (Catacutan and Coloso 1995; 
Tibbetts et al. 2000), which may be detrimental to fish growth and culture environment. 
Thus, knowledge of the protein requirement is essential for formulation of well-balanced, 
low cost and environment-friendly artificial diets. Many studies have been carried out to 
determine protein requirements for fish, with estimated protein requirements ranging 
from 40 to 55% for carnivorous fish (NRC 1983). Formulated feeds for intensively reared 
carnivorous fish generally contain 40-50% protein (Wilson and Halver 1986; NRC 
1993). Estimation of optimal protein requirements for fish is of high importance to 
farmers and feed manufacturers because of the high cost of protein and also because 
protein content is the major factor affecting nitrogenous waste excretion (Cho and Bureau 
2001). Increase in dietary protein has often been associated with higher growth rates in 
many species. However, there is a protein level beyond which further growth is not 
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supported, and may even decrease (Mohanty and Samantaray 1996; Shiau and Lan 1996; 
McGoogan and Gatlin 1999; Gunasekera et al. 2000; Kim and Lall 2001; Yang et al. 
2002). Improved growth and FCR with increasing protein levels is well known in 
carnivorous fish (NRC 1993). Higher FCR following improved growth rate is profitable 
because of decrease in feed cost. Protein is required for maintenance and growth, and the 
protein requirement needed for these functions varies with species and the culture 
environment. Therefore, it is important to estimate dietary protein requirement of the fish 
species. Although optimum dietary protein requirement has been worked out for several 
species but little information is available on the optimum protein level for the growth and 
survival of fmgerling C gariepinus. Hence, the present work was aimed at determining 
the optimum protein requirement level for maximum grovsl;h of this fish. 
Materials and methods 
Preparation of diet 
Six casein-gelatin based isocaloric (17.37 kJ g"') diets containing graded levels of protein 
in the diet were formulated (Table 1). The dietary range necessary to quantify the protein 
requirement was adjusted on the basis of information available on other catfishes. Diets 
were prepared taking into account the amount of protein contributed by casein and 
gelatin. Diets were made isocaloric by adjusting the dextrin. In diets used for detennining 
the protein requirement, the levels of protein were in an increment of 5% of the diet. 
Method of preparation of experimental diets has been discussed under general 
methodology secfion (Page 8-9). 
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Feeding trial ^t ,«hs^ ^^ ^ 
Source of the fish, their accHmation and details of the general experimental design has 
already been discussed under the general methodology section (Page 9). 
C. gariepinus (5.22 cm; 0.98 g±0.02) were stocked randomly in triplicate groups 
in 70-L circular polyvinyl troughs (water volume 55L) fitted with a continuous flow-
through system at the rate of 20 fish per troughs for each dietary treatment levels. The 
fish were fed experimental diets in the form of moist cake to apparent satiation divided 
over two feeding schedules at 0900 and 1630h. No feed was offered to the fish on the day 
they were weighed. The feeding trials lasted for six weeks. Initial and weekly body 
weights were recorded on a top loading balance (Precisa 120A; AG, Oerlikon, Zurich, 
Switzerland). Troughs were siphoned off to remove fecal matter before feeding daily. 
Any uneaten feed was siphoned off immediately, dried in a hot air oven and reweighed to 
measure the amount of feed consumed. Water quality parameters were recorded daily 
during the feeding trial (APHA 1992). The average water temperature, dissolved oxygen, 
free carbon dioxide, pH and total alkalinity based on daily measurements were 27.5-28.9 
°C, 67-7.1 mg L"', 5.5-10.7 mg L"', 7.5-7.8 and 65.7-80.5 mg L"', respectively. 
Chemical analyses 
Proximate composition of casein, gelatin, experimental diets, and initial and final carcass 
was analyzed using standard methods (AOAC 1995) for dry matter (oven drying at 105± 
! °C for 22 h.). crude protein (N^-Kjeldahl X 6.25 using Kjeltec Tecator™ Technology 
Foss Hoeganaes 2300, Sweden), crude fat (solvent extraction with petroleum ether B.P. 
40-60 °C using Socs Plus, SCS 4. Pelican equipments, Chennai, India, for 2-3 h.) and ash 
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(oven incineration at 650 °C for 4-6 h). Gross energy content was determined on a 
Gallenkamp ballistic bomb calorimeter-CBB 330 OlOL (Gallenkamp, Loughbrough, U 
K). Six subsamples of a pooled sample of 40 fishes were analyzed for initial body 
composition. At the end of the experiment, all 20 fishes from each replicate of dietar) 
treatments were pooled separately and analyzed for final body composition. 
Statistical analyses 
All growth data were subjected to analysis of variance (Snedecor and Cochran 1968; 
Sokal and Rohlf 1981). Differences among treatment means were determined by 
Duncan's Multiple Range Test at a P<0.05 level of significance (Duncan 1955). To 
predict more accurate response to the dietary intake, the break-point for optimum dietary 
protein requirement was estimated using second-degree polynomial regression analysis 
(Y=aX +bX+c) as described by Zeitoun et al. (1976). Statistical analysis was done using 
Matlab and SPSS. 
Results 
Live weight gain percent, FCR, SGR and PER and survival of fingerling Clarias 
gariepinus fed diets with graded levels of protein was significantly affected (Table 2). 
Poor survival of the fish fed diet containing lowest level of protein (Diet 1) was evident 
and also fish fed above diet showed cannibalism to compensate for the required amount 
of protein. Live weight gain and feed conversion ratio of fish improved (P<0.05) as 
dietary protein level increased from 25 to 40% of the diet whereas at higher levels growth 
responses were almost constant or slightly reduced (P>0.05), indicating that 40% protein 
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diet satisfied the requirement and is considered optimum for achieving maximum growth 
and excellent conversion efficiency in fingerling C. gariepinus. Fish fed lower levels ot 
protein in the diet exhibited significantly less (P<0.05) growth and reduced feed 
efficiency. Maximum live weight gain percent (848%), FCR (1.41), SGR (5.36), PER 
(1.77) and BPD (25.17) values were obtained for the fish fed diet with 40% protein (Diet 
IV). Poorest FCR (4.64), lowest PER (1.07) and BPD (12.3) were observed for fish fed 
diet containing 25% protein (Diet I). 
On subjecting the live weight gain data to quadratic regression analysis (Zeitoun 
et al 1976), a break-point was evident at 42.92 % protein of the diet. The relationship 
was described by the following equations: 
¥=-1.3591X^+116.67X-1655.90 (r=0.993) 
The FCR of fingerling C. gariepinus fed 40% protein differed significantly from 
the other levels of dietary protein inclusion. The FCR (Y) to dietary protein level (X) 
relationship was estimated by the following second-degree polynomial regression 
equation: 
Y=0.010X^+0.83294X+19.253 (r=0.984) 
Based on the above equation, the estimated FCR occurred at approximately 
42.35% protein of the diet. 
The PER of fingerling C. gariepinus fed 40% protein diet differed significantly 
from the other levels of dietary protein inclusion. The PER (Y) to dietar}' protein level 
(X) relationship was estimated by the second-degree polynomial regression equation: 
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Y=-0.003X^+0.022324X-2.81 (r=0.958) 
Based on the above equation, the estimated PER occurred at a dietary protein 
level of approximately 39.97% of the diet. 
Also, the SGR of fmgerling C. gariepinus fed 40% protein diet differed 
significantly from the other levels of dietary protein inclusion. The SGR (Y) to dietary 
protein level (X) relationship was estimated by the second-degree polynomial regression 
equation: 
Y=-0.005X- +0.402X-3.176 (r=0.993) 
Based on the above equation, the estimated SGR occurred at a dietary protein 
level of approximately 42.7% of the diet. 
Similarly, the BPD of fingerling C. gariepinus fed 40%o protein diet differed 
significantly from the other levels of dietary protein inclusion. The BPD (Y) to dietary 
protein level (X) relationship was estimated by the second-degree polynomial regression 
equation: 
Y=-0.05203X^+4.39551 X-67.963 (r=0.970) 
Based on the above equation, the estimated BPD occurred at a dietary protein 
level of approxim.ately 40.4% of the diet. 
On the basis of the above polynomial equations, the maximum live weight gain 
percent, best FCR, PER, SGR and highest BPD occurred at 42.92, 42.35, 39.97. 42.68 
and 40.4% protein in the diet, respectively. 
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Body composition of fingerling C. gariepinus was significantly (P<0.05) affected 
by the protein levels of the diets (Table 3). Maximum body protein was recorded in fish 
fed diet containing 40% protein (Diet IV). Fish fed diets containing more than 40% 
protein did not show any improvement in its body protein content. Significant fall in 
body protein was recorded in fish fed diet containing 45% (Diet V) and 50% protein 
(Diet VI). Similar pattern was evident for body protein deposiUon (BPD) values which 
increased significantly (p<0.05) in fish fed diet up to 40% protein (Diet IV). The pattern 
of BPD was similar to that of body protein. Body fat increased in fish fed diet containing 
25% (Diet I), 30% (Diet II) and 50% (Diet VI) protein. However, no significant 
differences in body fat were evident in fish fed diets containing 35% (Diet III), 40% (Diet 
IV) and 50% (Diet VI) protein. 
Discussion 
The significance of qualitative and quantitafive protein in aqua feeds is well-recognized 
(Jauncey 1982; Cho et al. 1985; Shiau and Huang 1989; Mohanty and Samantaray 1996; 
Gunasekera et ai. 2000; Yang et al. 2002; Giri et al. 2003). Dietary protein requirement of 
a fish species is of fundamental importance in aquaculture because dietary protein 
significantly influences growth, survival and yield of fish as well as economics of a 
farming industry by determining the feed cost which is typically the largest operational 
cost in aquaculture. Protein being the most expensive component in fish feeds is also the 
most important factor affecting growth performance of fish because it supplies amino 
acids to organisms for growth. Generally, increasing dietary protein can lead to improved 
fish production, especially for carnivorous fish (Lee et al. 2002). Protein levels influence 
feed costs which represent up to 70% of the total operating costs of an aquaculture 
enterprise, it is imperative to determine the optimal dietary protein requirement of the fish 
that meets essential amino acid requirements and contribute to maximum growth 
(Thompson et al. 2005). 
Excess dietary protein will be metabolized as an energy source and will increase 
excretion of nitrogenous waste material into aquatic environments (Catacutan and Coloso 
1995; Tibbetts et al. 2000) which may be detrimental for the growth of the fish and 
culture environment. Thus, knowledge of the protein requirement is essential for 
formulation of well-balanced, low cost and environment-friendly artificial diets. 
Many studies have been carried out to determine protein requirements for fish, 
with estimated protein requirements ranging fi-om 40 to 55% for carnivorous fish 
(Millikin 1983; Wilson 1989; NRC 1993; Chou et al. 2001). The optimum protein level 
in diets for fingerling C. gariepinus, defined by live weight gain percent, FCR, SGR, 
PER and BPD data was found to be in the range of 39.97-42.92% of the protein. The, 
results of the present study indicate that fingerling C. gariepinus require about 39.97-
42.92% protein in diet to obtain maximum growth. The value obtained during the present 
study is higher than the value reported for young grey mullet, Mugil capita 24, 
(Papaparaskeva et al. 1986), Nile tilapia, O. niloticus 25 (El-Saidy and Gaber 2005), 
juvenile golden shiners, Notemigonus crysoleucas 29 and goldfish, Carassius auratus 32 
(Lochmann and Phillips 1994), walking catfish, Clarias batrachus 30 (Chaupoehuk 
1987), Nile tilapia, O. niloticus 30 (Siddiqui et al. 1988), shingi. Heteropneustes fossilis 
M 
27.73-35.43% (Akand et al. 1989), big head carp, Aristichthys nobilis 30 (Santiago and 
Reyes 1991), juvenile silver perch, Bidynus bidynus 31 (Yang et al. 2002), South African 
abalone, Haliotis midae 35.87 (Sales et al. 2003), lower than the requirements reported 
for bagrid catfish M. nemurus 44 (Ng et al. 2001) and grouper, Epinephelus malabaricus 
44 (Shiau and Lan 1996), Nile tilapia, O. niloticus 45 (El-Sayed and Teshima 1992), 
juvenile olive flounder, Paralichthys olivaceus 46.4-51.2 (Kim et al. 2002), American 
eel, Anguilla rostrata 47 (Tibbetts et al. 2000), brown trout, Salmo trutta 57 (Arzel et al 
1995) and in the range of requirements reported for African catfish, C. gariepinus 40 
(Degani et al. 1989), juvenile masu salmon, O. masuo 40 (Lee and Kim 2001), 
Malyasian catfish, Mystus nemurus 42 (Khan et al. 1993), walking catfish, C. batrachus 
40 (Khan and Jafri 1990), African catfish, C. gariepinus 43 (Ali and Jauncey 2005). The 
differences in protein requirements among these fish species may be due to different 
dietary formulations, fish sizes, and differences between species or different methodology 
applied (Luo et al. 2004). 
Live weight gain percent, FCR, PER, SGR and BPD increased significantly with 
increasing dietary protein from 25 to 40%. Fish fed diet containing 40% protein reflected 
a maximum gain in weight (848%). Best FCR (1.41), highest PER (1.77), SGR (5.36) and 
BPD (25.17) were evident in fish fed above diets. 
The present study showed that growth and conversion efficiency of the fish were 
influenced significantly by dietary crude protein levels. Improvement in the above growth 
parameters with increasing protein levels is well known in carnivorous fish (NRC 1993) 
which, in present study, is evident up to 40%) dietary protein level. Feeding fish with diets 
containing more than required amount of dietary protein did not improve the growth of 
the fish. The dietary protein levels also influenced the whole body composition. Bod> 
protein of the fish increased linearly with increase in dietary protein levels upto 40%. 
Fish fed with still higher amounts of dietary protein (Diet V and VI) did not improve 
body protein of the fish. 
Therefore, It could be concluded from the present study that C. gariepinus is a 
highly promising species for commercial aquaculture and the fish performs well if proper 
dietary conditions are met. The optimum dietary protein requirement of the fingerling 
stage of this fish lies between 39.97-42.92% of the diet. 
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Summary 
Dietary protein requirement of fingerling African catfish, Clahas gariepinus (5.22±0.07 
cm; 0.98± 0.03 g) was determined by feeding six casein-gelatin based isocaloric (17.37 
kJ g"', GE) experimental diets with graded levels of protein in the diet (25, 30, 35, 40, 45 
and 50% of the diet) for six weeks in triplicate groups. Live weight gain percent (848%), 
PER (1.77), SGR% (5.36), and BPD (25.2) were significantly higher in fish fed diet 
containing 40% protein in the diet. Best FCR (1.41) was also recorded at this level. 
Second-degree polynomial regression analysis of the live weight gain, FCR, SGR, PER 
and BPD data indicated the dietary protein requirement of fingerling C. gariepinus to be 
at 42.92, 42.35, 39.97, 42.68, and 40.4% of the protein, respectively. Body composition 
data also supported the above requirement level. Based on the quadratic regression 
analysis data dietary protein requirement of fingerling C. gariepinus is estimated to be in 
the range of 41.23-42.9% of the diet. AH the water quality parameters were in an 
optimum range. 
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Fig. 1 Second-degree polynomial relationship of live weight gain per cent to dietary 
protein levels 
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Fig. 2 Second-degree polynomial relationship of feed conversion ratio to dietary protein 
levels 
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Fig. 3 Second-degree polynomial relationship of protein efficiency ratio per cent to 
dietary protein levels 
Y=-0.003X^+0.022324X-2.81 (r=0.958) 
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Fig.4 Second-degree polynomial relationship of specific growth rate to dietary protein 
levels 
Y=-0.005X^+0.402X-3.176 (r=0.993) 
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Fig. 5 Second-degree polynomial relationship of body protein deposition to dietary 
protein levels 
28 
2e 
24 
c o 
'4—1 
tn 22 
0 
Q . 
-0 20 
cr 
<D 
Z 18 
Q . 
-0 16 
0 
m 
14 
12 
-3 
Y=-0.5203X^+4.39551X-67.963(r=0.970) 
1 1 1 1 
^ ^^""\ 
j / ^ ^ ^ ^ X . ^ ^ ^ 
y""^ ^ \ ^ 
y^ x,_^  /^ ^\ /^ /^ -J 
/ * 
/ 
/ 
/ / 
/ + 
/ / 
/ 
t- i - 1 1 1 1 
25 30 35 40 45 
Dietary protein levels (g 100 g-1) 
50 
FEREHCE8 
Abidi, S.F. and Khan, M.A. (2007) Dietary leucine requirement of fingerling Indian 
major carp, Labeo rohita (Hamilton). Aquaculture Research, 38,478-486. 
Ai, Q-, Mai, K., Li, H., Zhang, C , Zhang, L,, Duan, Q., Tan, B., Xu, W,, Ma, H., 
Zhang, W. and Liufu, Z. (2004) Effects of dietary protein to energy ratios on 
growth and body composition of juvenile Japanese seabass, Latelabrax japonicus. 
Aquaculture, 230, 507-516. 
Ali, M.Z. and Jauncey, K. (2005) Approaches to optimizing dietary protein to energy 
ratio for African catfish Clarias gariepinus (Burchell, 1822). Aquaculture 
Nutrition, 11, 95-\0\. 
Akand, A.M., Miah, M.I.and Haque, M.M. (1989) Effect of dietary protein level on 
growth, feed conversion and body composition of shingi {Heteropneustes fossilis 
Bloch). Aquaculture 50,175-180. 
Anderson, R.J., Kienhoiz, E.W. and Flickinger, S.A. (1981) Protein requirement of 
smallmouth bass and largemouth bass. Journal of Nutrition, III, 1085-1097. 
AOAC, Association of Official Analytical Chemists (1995) Official Methods of 
Analysis. 16'^  ed. (Patricia Cuniff, editors). Arlinton, VA. 
APHA, American Public Health Association (1992) Standard Methods for the 
Examination of Water and Wastewater, 18"^  ed. 1268, pp. Washington DC, 
APHA. 
36 
Arzel, J., Metailler, R., Kerieguer, C , Delliou, H.L. and Guillaume, J. (1995) The 
protein requirement of brown trout (Salmo trutta) fry. Aquaculture, 130, 67-78. 
Catacutan, M.R., Coloso, R,M. (1995) Effect of dietary protein to energy ratios on 
growth, survival, and body composition of juvenile Asian seabass, Lates 
calcarifer. Aquaculture 131,125-133. 
Catacutan, M.R., Pagador, G. E. and Teshima, S. (2001) Effect of dietary protein and 
lipid levels and protein to energy ratio on growth, survival and body composition 
of the mangrove red snapper, Lutjanus argentimaculatus (Forsskal 1775). 
Aquaculture Research, i2 , 811 -818 . 
Cowey, C.B. (1979) Protein and amino acid requirements of fmfish .In: Proceedings of 
World Symposium on Finfish Nutrition and Fish Feed Technology. (Halver, J.E. 
and Tiews, K. eds.), pp. 3-16. Hamburg, Berlin. 
Cowey, C.B. and Luquet, P. (1983) Physiological basis of protein requirements of 
fishes. Critical analysis of allowances IV. International Symposium on Protein 
Metabolism and Nutrition. Clermont - Ferrand, France, pp. 365-384. 
Cowey, C.B., Pope, J.A., Adron, J.W., and Blair, A. (1972) Studies on the nutrition of 
marine flatfish. The protein requirement of plaice {Pleuronectes platessa). British 
Journal of Nutrition, 28, 447-456. 
Cho, C.Y. and Bureau, D.P. (2001) A review of diet formulation strategies and feeding 
systems to reduce excretory nitrogen and feed wastes in aquaculture. Methotis lo 
excretory nitrogen and feed wastes in aquaculture. Aquaculture Research, 32, 
349-360. 
Cho, C.Y. and Kaushik, S.J. (1985) Effects of protein intake on metabolizable and net 
energy values of fish diets. In: Nutrition and Feeding in Fish. (Cowey, C.B., 
Mackie, A.M. and Bell, J.G. ed.), pp. 95-117. Academic Press, London/New 
York. 
Che, C.Y., Cowey, C.B. and Watanabe, T. (1985) Finfish Nutrition in Asia: 
Methodological Approaches to Research and Development. IDRC, Ottawa, 
Canada, 154. 
Cho, S.H., Lee, S.M. and Lee, J.H. (2005) Effect of dietary protein and lipid levels on 
growth and body composition of juvenile turbot {Scophthalmus maximus L.) 
reared under optimum salinity and temperature conditions. Aquaculture 
Nutrition, 11, 235-240. 
Chou, R.L., Su, M.S and Chen, H.Y. (2001) Optimal dietary protein and lipid levels for 
juvenile cobia (Rachycentron canadum). Aquaculture, 193, 81-89. 
Chuapoehuk, W. (1987) Protein requirements of walking catfish, Clarias batrachus 
(Linnaeus), fry. Aquaculture, 63, 215-219. 
Dabrowski, K. (1977) Protein requirements of grass carp fry {Ctenopharyngodon idella 
Vol.). Aquaculture 12, 63-73. 
38 
Daniels, W.H. and Robinson, E.H, (1986) Protein and energy requirements of juvenile 
red drum (Sciaenops ocellatus). Aquaculture, 53, 243-252. 
Degani, G., Ben-Zvi,Y. and Levanon, D. (1989) The effect of different protein levels 
and temperatures on feed utilization, growth and body composition of Clarias 
gariepinus (Burchell \^21). Aquaculture, 76, 293-301. 
DeLong, D.C., Halver, J.E. and Mertz, E.T. (1958) Nutrition of salmonoid fishes. IV. 
Protein requirement of chinook salmon at two temperatures. Journal of Nutrition, 
65, 589-599. 
De Silva, S.S., Gunasekera, R.M. and Atapattu, D. (1989) The dietary protein 
requirements of young tilapia and an evaluation of the least cost dietary protein 
levels. Aquaculture, 80, 271-284. 
Deepak and Garg, S.K. (2003) Effect of replacement of fish meal with soybean protein 
on growth and digestibility in catfish, Heteropneustes fossilis (Bloch). Journal of 
Natcon,15, 131-137. 
Duncan, D.B. (1955) Multiple range and multiple F'tests. Biometrics, 11, 1-42. 
El-Saidy, D.M.S.D. and Gaber, M.M.A. (2005) Effect of dietary protein levels and 
feeding rates on grovrth performance, production traits and body composition on 
Nile tilapia, Oreochromis niloticus (L) cultured in concrete tanks. Aquaculture 
Research 36, 163-171. 
39 
El-Sayed, A.F.M. and Teshima, S. (1992) Protein and energy requirements of Nile 
Tilapia, Oreochromis niloticus fry. Aquaculture, 103, 55-63. 
FAO, Food and Agriculture Organization (2000) Review of tlie state of world fisheries 
and aquaculture 2000. Part I. FAO Information Division Editorial Group, FAO, 
Rome, Italy. 
FAO, Food and Agriculture Organization (2006) The state of world fisheries and 
aquaculture 2006. FAO Information Division Editorial Group, FAO, Rome, Italy. 
Fiogbe, E.D., Kestemont, P., Melard, C. and Micha, J.C. (1996) The effects of dietary 
crude protein on growth of the Eurasian perch Perca JJuviatilis. Aquaculture, 
144, 239-249. 
Fleming, I.A., Johnson, B., Gross, M.R. and Lamberg, A. (1996) An experimental 
study of the reproductive behaviour and success of farmed and wild salmon 
{Salmo salar). Journal of Applied Ecology, 33, 893-905. 
Garling, D.L. Jr. and Wilson, R.P. (1976) Optimum dietary protein to energy ratio for 
charmel catfish fingerlings, Ictalurus punctatus. Journal of Nutrition, 106, 1368-
1375. 
Giri, S.S., Sahoo, S.K., Sahu, A.K. and Meher, P.K. (2003) Effect of dietary protein 
level on growth, survival, feed utilization and body composition of hybrid Clarias 
catfish {Clarais batrachus x C. gariepinus). Animal Feed Science Technology, 
104, 169-178. 
40 
Goda, A.M., EI-Haroun, E.R. and Chowdhury, M.A.K. (2007) Effect of totally or 
partially replacing fish meal by alternative protein sources on growth of African 
catfish Clarias gariepinus (Burchell, 1822) reared in concrete tanks. Aquaculture 
Research, 38, 279-287. 
Gunasekera, R.M., De, Silva S.S., Collins, R.A., Goolley, G. and Ingram, B.A. 
(2000) Effect of dietary protein level on growth and food utilization in juvenile 
Murray cod Maccullochella peelii peelii (Mitchell). Aquaculture Research, 31, 
181-187. 
Guiilaume, J. (1997) Protein and amino acids. In: Crustacean Nutrition. Advances in 
World Aquaculture Society. Vol. 6. (D'Abramo, R.L., Concklin, E.D. and 
Akiyama, D.M. eds.), pp. 26-41. World Aquaculture Society, Louisiana, USA. 
Halver, J.E. (2002) The vitamins. In: Fish Nutrition 3'"^ edition. (Halver, J.E. and Hardy, 
R.W. eds.), pp. 61-141. Academic Press, San Diego, CA. 
Halver, J.E., Battes, L.S. and Mertz, E.T. (1964) Protein requirements for sockeye 
salmon and rainbow trout. Fed. Proc. Fed. American Society of Experimental 
Biology, 23, 111%. 
Hanley, F. (1991) Effects of feeding supplementary diets containing varying levels of 
lipid on growth, food conversion, and body composition of Nile tilapia. 
Oreochromis niloticus (L.). Aquaculture, 93, 323-334. 
41 
Hardy, R.W. (1989) Diet preparation. In: Fish Nutrition 2"'' edition. (Halver, J.E. ed.), 
pp. 475-548. Academic Press, California, London. 
Hillestad, M. and Johnsen, F.T. (1994) High-energy/low-protein diets for Atlantic 
salmon: effects on growth, nutrient retention and slaughter quality. Aquaculture, 
124A09-U6. 
Islam, M.S. and Tanaka, M. (2004) Optimization of dietary protein requirement for 
pond-reared mahseer Tor pittitora Hamilton {Cypriniformes: Cyprinidae). 
Aquaculture Research, 35, 1270-1276. 
Jacinto, E.C., Colmenares, H.V. et al. (2005) Effect of different dietary protein and 
lipid levels on growth and survival of juvenile Australian redclaw crayfish, 
Cherax quadricarinatus (von Martens) Aquaculture Nutrition, 11, 283-291. 
Jantrarotai, W., Sitasit ,P. and Sermwatanakul ,A. (1996) Quantifying dietary protein 
level for maximum growth and diet utilization of hybrid Clarias catfish , Clarias 
macrocephalus X C. gariepinus . Journal of Applied Aquaculture, 6, 71-79. 
Jauncey, K. (1982a) The effects of varying dietary protein level on the growth, food 
conversion, protein utilization and body composition of juvenile tilapias 
(Sarotherodon mossambicus). Aquaculture, 27, 43-54. 
Kalla, A., Bhatnagar, A. and Garg, S.K. (2004) Further studies on protein requirements 
of growing Indian Major Carps under field conditions. Asian Fisheries Science, 
17, 191-200. 
42 
Kanazawa, A., Teshima, S., Sakamot, M. and Awal, M.A. (1980) Requirements of 
Tilapia zilli for essential fatty acids. Bulletin of Japanese Society of Scientific 
Fisheries, 46, 1353-1356. 
Keembiyehetty, C.N., and Gatlin, D.M. Ill (1992) Dietary lysine requirement of 
juvenile hybrid striped bass {Morone chrysops x M. saxatilis). Aquaculture, 104, 
271-277. 
Khan, M.A. and Jafri, A.K. (1990) On the dietary protein requirement of Clarias 
batrachus Linnaeus. Journal of Aquaculture in the Tropics, 5,191-198. 
Khan, M.A. and Jafri, A.K. (1991) Dietary protein requirement of two size classes of 
the Indian major carp, Catla catla (Hamilton). Journal of Aquaculture in the 
Tropics, 6, 79-88. 
Khan M.S., Ang, K.J., Ambak, M.A. and Saad C.R. (1993) Optimum dietary protein 
requirement of a Malaysian freshwater catfish, Mystus nemurus. Aquaculture, 
112, 227-235. 
Kim, J.D. and LaH,-S.P. (2001) Effects of dietary protein level on growth and utilization 
of protein and energy by juvenile haddock (Melanogrammus aeglefinus). 
Aquaculture, 195, 311-319. 
Kim, L. O. and Lee, S.M. (2005) Effects of dietary protein and lipid levels on growth 
and body composition of bagrid catfish, Pseudobagrus fulvidraco. Aquaculture, 
243, 323-329. 
Kim, K.W., Wang, X.J. and Bai, S.C. (2002) Optimum dietary protein level for 
maximum growth of juvenile olive flounder, Paralichthys olivaceus (Temminck 
et Schlegel). Aquaculture Research, 33, 673-679. 
Kvale, A., Nordgreen, A., Tonheim, S.K. and Hamre, K. (2007) Problem of meeting 
dietary protein requirements in intensive aquaculture of marine fish larvae, with 
emphasis on Atlantic halibut {Hippoglossus hippoglossus L). Aquaculture 
Nutrition, 13, 170. 
Lall, S.P. and Bishop, F. J. (1977) Studies on Mineral and Protein Utilization by 
Atlantic Salmon (Salmo salar ) grown in Sea water, Technical Report no. 688. 
17. Fisheries and Marine Service, Ottawa, Canada. 
Lazo, J.P., Davis, D.A. and Arnold, C.R. (1998) The effects of dietary protein levels on 
growth, feed efficiency and survival of juvenile Florida pompano {Trachinotus 
carolinus). Aquaculture, 169, 225-232. 
Lee, S.M. and Kim, K. D. (2001) Effects of dietary protein and energy levels on the 
growth, protein ufilization and body composifion of juvenile masu salmon 
(Oncorhynchus masou Brevoort). Aquaculture Research, 32, 39-45. 
Lee, S.M., Kim, D.J. and Cho, S.H. (2002) Effects of dietary protein and lipid level on 
growth an body composition of juvenile ayu {Plecoglossus altivelis) reared in sea 
v^dA&x. Aquaculture Nutrition, 8, 53-58. 
44 
Li, M.H., Robinson, E.H. and Oberle, D.F. (2006) Effects of dietary protein 
concentration and feeding regimen on Channel Catfish, Ictalurus punctatus, 
Production- Journal of the World Aquaculture Society, 37, 'ilQ-'ill. 
Lim, C , Sukhawongs, S. and Pascual, F.P. (1979) A preliminary study on the protein 
requirements of Chanos chanos (Forskal) fry in a controlled environment. 
Aquaculture, 17, 195-201. 
Lochmann, R. and Phillips, H. (1994) Dietary protein requirement of juvenile golden 
shiners {Notemigonus crysoleucas) and goldfish {Carassius auratus) in aquaria. 
Aquaculture, 128, 277-286. 
Lovell, R.T. (1980) Practical fish diets. Pages 333-350 in Fish Feed 
Technology.Aquaculture Development and Coordination Programme (ADCP/ 
REP/80/11), United Nation Development Programme, FAO, Rome. 
Luo, Z., Liu, Y.J., Mai, K.S., Tian, L.X., Liu, D.H. and Tan, X.Y. (2004) Optimal 
dietary protein requirement of grouper Epinephelus coioides juveniles fed 
isoenergetic diets in floating net cages. Aquaculture Nutrition, 10, 247-252. 
Lupatsch, L., Kissil, G. Wm., Sklan, D. and Pfeffer, E. (2001) Effects of varying 
dietary protein and energy supply on growth, body composition and protein 
utilization in gilthead seabream {Sparus aurata L). Aquaculture Nutrition, 7,1\-
80. 
45 
Mai, K., Mercer, J.P. and Donlon, J. (1995) Comparative studies on the nutrition of 
two species of abalone, Haliotis tuberculata L. and Haliotis discus iiannai Ino. IV. 
Optimum dietary protein level for growth. Aquaculture, /i<5,165-180 
Mayer, G. and Fracalossi, D.M. (2004) Protein requirement of jundia fingerlings, 
Rhamdia quelen, at two dietary energy concentrations. Aquaculture, 240, 331-
342. 
Mazid, M.A., Tanaka, Y., Katayama, T., Rahman, A., Simpson, K.L. and 
Chichester, CO. (1979) Growth response of Tilapia zillii fingerlings fed 
isocaloric diets with variable protein levels. Aquaculture, 18, 115-122. 
Mertz, E.T. (1969) Amino acid and protein requirements of fish. In: Fish in Research 
(Neuhaus, O.W. and Halver, J.E. eds.), pp. 233-244. Academic Press, New York 
London. 
McGoogan, B.B. and Gatlin III, D.M. (1999) Dietary manipulations affecting groulh 
and nitrogenous waste production of red drum, Sciaenops ocellatus: I. Effects of 
dietary protein and energy levels. Aquaculture, 178 , 333-348. 
Millikin, M.R. (1983) Interactive effects of dietary protein and lipid on growth and 
protein utilization of age-0 striped bass. Transaction of American Fishery 
Society, 112, 185-193. 
46 
Mohanty, S.S. and Samantaray, K. (1996) Effect of varying levels of dietary protein on 
the growth performance and feed conversion efficiency of snakehead Channa 
striata fry. Aquaculture Nutrition, 2, 89-94. 
Moore, B.J., Hung, S.S.O. and Medrano, J.F. (1988) Protein requirement of hatchery -
produced juvenile white sturgeon (Acipenser transmontanus). Aquaculture, 71, 
235-245. 
Ng, W. -K., Soon, S.C., Hashim, R. (2001) The dietary protein requirement of a bagrid 
catfish, Mystus nemurus (Cuvier &Valenciennes), determined using semipurified 
diets of varying protein level. Aquaculture Nutrition, 7, 45-51. 
Nose, T. and Aral, S. (1972) Optimum level of protein in purified diet for eel Anguilla 
japonica. Bulletin of Freshwater Fisheries Research Laboratory, Tokyo, 
22,145-155. 
NRC (1983) Nutrient requirements of warmwater fishes and shellfishes. National 
Academic Press, Washington. D.C,USA.102p. 
NRC (1993) Nutrient requirements of fish. National Academic Press, Washington D.C, 
USA.114 p. 
Ogino, C. and Saito, K. (1970) Protien nutrition in fish - I . The utilization of dietary 
protein by young carp. Bulletin of Japanese Society of Scientific Fisheries, 36, 
250-254. 
47 
Papaparaskeva-Papoutsoglou, E. and Alexis, M.N. (1986) Protein requirements of 
young grey mullet, Mugil capita. Aquaculture, 52, 105-115. 
Pillay, T.V.R. (1990) Nutrition and feeds. In: Aquaculture Principles and Practices. 
Catfishes. 333-350. 
Sa, R., Pousao-Ferreira, P. and Teles, A. O. (2006) Effect of dietary protein and lipid 
levels on growth and feed utilization of white sea bream (Diplodus sargus) 
'}uveni\es. Aquaculture Nutrition, 12, 310-321. 
Sabaut, J.J. and Luquet, P. (1973) Nutritional requirements of the gilthead bream 
{Chrysophrys aurata). Quantitative protein requirements. Marine Biology, 18, 50-
54. 
Sales, J., Truter, P.J. and Britz, P.J, (2003) Optimum dietary crude protein level for 
growth in South African abalone {Haliotis midae L.). Aquaculture Nutrition, 9, 
85-89. 
Santiago, C.B,, Aldaba, M.B. and Laron, M.A. (1982) Dietary crude protein 
requirement of Tilapia nilotica fry. Journal offish Biology, 11, 255-265. 
Santiago, C.B. and Reyes, O.S. (1991) Optimum dietary protein level of growth of 
bighead carp (Aristichthys nobilis) fry in a static system. Aquaculture, 93, 155-
165. 
Satia, B.P. (1974) Quantitative protein requirements of rainbow trout. Prog. Fish-Cult. 
36, 80-85. 
48 
Shiau, S.Y. and Lin, S.F. (1993) Effect of supplemental dietary chromium and 
vanadium on the utilization of different carbohydrates in tilapia, Oreochromis 
niloticus x O. aureus. Aquaculture 110, 321-330. 
Shiau, S.Y. and Huang, S.L. (1989) Optimal dietary protein level for hybrid tilapia 
{Oreochromis niloticus x O. aureus) reared in seawater. Aquaculture, 81, 119-
127. 
Shiau, S.Y. and Lan, C.W. (1996) Optimum dietary protein level and protein to energy 
ratio for growth of grouper {Epinephelus malabaricus). Aquaculture, 145, 259-
266. 
Siddiqui, A.Q., Howlander, M.S. and Adam, A.A. (1988) Effects of dietary protein 
levels on growth, feed conversion and protein utilization in fry and young Nile 
Tilapia, Oreochromis niloticus. Aquaculture, 70, 63-73. 
Singh, R.K., Balange, A.K. and Ghughuskar, M.M. (2006) Protein sparing effect of 
carbohydrates in the diet ofCirrhinus mrigaia (Hamilton, 1822) fry. Aquaculture, 
258, 680-684. 
Snedecor, G.W. and Cochran, W.G. (1968) Statistical methods. Iowa State Univ. Press, 
Iowa, 593 p. 
Sokal, R.R. and Rohlf, F.J. (1981) Biometry. W.H. Freeman and Company , New York 
, 859 pp. 
49 
Tabachek, J.L. (1986) Influence of dietary protein and lipid levels on growth, body 
composition and utilization efficiencies of Arctic charr, Salvelinus alpinus L. 
Journal of Fish Biology, 29, 139-151. 
Tacon, A.G.J. (1987) The nutrition and feeding of farmed fish and 
shrimp.GCP/RAL/075/ITA, Field Document 2/E. Food and Agriculture 
Organization of the United Nations. 
Takeda, M., Shimeno, S., Hosokawa, H., Kajiyama, H. and Kaisyo, T. (1975) The 
effect of dietary calorie-to-protein ratio on the growth, feed conversion and body 
composition of young yellowtail. Bulletin of Japanese Society of Scientific 
Fisheries, 41, 443-447. 
Takeuchi, T., Watanabe, T. and Ogino, C. (1979) Optimum ratio of dietary energy to 
protein for carp. Bulletin of Japanese Society of Scientific Fisheries, 45, 983-
987. 
Teng, S.K., Chua, T.E. and Lim, P.E. (1978) Preliminary observations on the dietary 
protein requirement of estuary grouper, Epinephelus salmonides Maxwell, 
cultured in floating net cages. Aquaculture, 15, 257-272. 
Thompson, K.R., Muzinic, L. A., Engler, L. S. and Webster, CD. (2005) Evaluation 
of practical diets containing different protein levels, with or without fishmeal, for 
juvenile Australian red claw crayfish {Cherax quadricarinatus). Aquaculture, 
244, 241-249. 
50 
Tibbetts, S.M., Lall, S.P. and Anderson, D.M. (2000) Dietary protein requirement of 
juvenile American eel {Anguilla rostrata) fed practical diets. Aquaculture, 186, 
145-155. 
Tibbetts , S.M., Lall, S.P. and Milley , J.E. (2005) Effects of dietary protein and lipid 
levels and DP DE~' ratio on growth ,feed utilization and hepatosomatic index of 
juvenile haddock, Melanogrammus aeglefinus L . Aquaculture Nutrition, 11, 67-
75. 
Verreth, J., Eding, E.H., Rao, G .R.M., Huskens, F. and Segner, H. (1993) A review 
of feeding practices, growth and nutritional physiology in larvae of the catfish 
Clarias gariepinus and Clarias batrachus. Journal of the World Aquaculture 
Society, 24, m-\AA. 
Wanwiza, L.N., Xu, L.X., Blanchard, G. and Kestemont, P. (2005) Effect of dietary 
protein, lipid and carbohydrate ratio on growth, feed efficiency and body 
composition of pike perch Sander lucioperca fingeilings. Aquaculture Research, 
36, 486-492. 
Wang, K.W., Takeuchi, T. and Watanabe, T. (1985) Optimum protein and digestible 
energy levels in diets for Tilapia nilotica. Bulletin of the Japanese Society of 
Scientific Fisheries, 51, 141-146. 
Wee, K.L. and Tacon, A.G.J. (1982) A preliminary study on the dietary protein 
requirement of juvenile snakehead. Bulletin of Japanese Society of Scientific 
Fishery, 48, 1463-1468. 
51 
Wilson, R.P. (1984) Proteins and aniimo acids. In: Journal of Nutrition and feeding of 
channel catfish (Revised). (Robinson, E.H and Lovell, R. T.eds.), South Coop. 
Series Bull. No 296. 
Wilson, R.P. (1989) Amino acid and Protein. In: Fish Nutrition, 2nd edition. (Halver, 
J.E. ed.), pp. 112-147. Academic Press Inc., London, Sydney, Tokyo. 
Wilson, R.P and Halver, J.E. (1986) Protein and amino acid requirements of fishes. 
Annual Review of Nutrition, 6, 225-244. 
Winfree, R.A. and Stickney, R.R. (1981) Effects of dietary protein and energy on 
growth, feed conversion efficiency and body composition of Tilapia aurea. 
Journal of NutrUion, 111, 1001-1012. 
Yang, S.D., Liou, C.H. and Liu, F.G. (2002) Effects of dietary protein level on growth 
performance, carcass composition and ammonia excretion in juvenile silver perch 
(Bidyanus bidyanus). Aquaculture, 213, 363-372. 
Yang, S.D. Lin, T.S., Liou, C.H. and Peng, H.K. (2003) Influence of dietary protein 
levels on growth performance, carcass composition and liver lipid classes of 
juvenile Spinibarbus hollandi (Oshima). Aquaculture Research, 34, 661-666. 
Yone, Y. (1976) Nutritional studies of red sea bream. In: Proc. 1st. Intern. Conf. 
Aqauculture, (Price, K.S., Shaw, W.N. and Danberg, K.S. eds.), pp. 39-64. Lewes 
University, Delaware. 
52 
Zeitoun, I.H., Ullrey, D.E., Halver, J.E., Tack, P.I. and Magee, W.T. (1974) Influence 
of salinity on protein requirements of coho salmon {Oncorhynchus kisutch) 
smelts. Journal of Fisheries Research Board Canada, 31, 1145-1148. 
Zeitoun, I.H., Ullrey, D. E., Magee, W.T., Gill, J.L. and Bergen,W.G. (1976) 
Quantifying nutrient requirements of fish. Journal of Fisheries Research Board 
of Canada, 33, 167-172. 
53 
